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Abstract
In recent public comment on proposed introductions for biological control of weeds
in New Zealand, the issues of dilution of endemic biodiversity and homogenization of the
fauna, have been raised as a reason for not introducing biological control agents. Although
the impact of biological contol agents can be shown to be minimal in this process, the
issue of homogenization appears to be gaining currency with government agencies and
regulators. The main current causes of homogenization of the fauna and flora in New
Zealand, and probably in most other countries, come from the purposeful introduction of
plants for horticultural and other purposes, often with minimal assessment of their weed-
iness, followed by their subsequent naturalization, and the accidental introductions of
insects and other invertebrates. In New Zealand, naturalized alien plant species already
outnumber native species and adventive insects are estimated to comprise 13% of the
insect fauna. Only about 2.5% of all exotic insects have been introduced for biological
control purposes. Up to the present, 20 carefully screened, host specific, species of insects
have been established for biological control of weeds. These represent less than 1% of the
exotic insect fauna. Recent developments in the regulatory environment outside New
Zealand, suggest that the issue of global homogenization of the fauna and flora is also
being considered in other jurisdictions, and has the potential to place severe limitations on
the practice of classical biological control, even though the contribution of biological con-
trol agents to the process is almost negligible in most places.
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New Zealand has a long history of biological control attempts, dating back to the late
19th century.
Many programs were aimed at biological control of vertebrates, insects and other
arthropods, and weeds (Cameron et al. 1989). Partly as a consequence of the serious non-
target, though predicted, impact of mustelids (Buller 1877), which were introduced for
rabbit control, on native birdlife (King 1984), New Zealand now has extremely stringent
regulations governing the introduction of biological control agents. The current regula-
tions are administered by the Environmental Risk Management Authority (ERMA). These
regulations involve preparation of a detailed proposal, public notification, extensive writ-
ten comment from government agencies and other interest groups, and the possibility, if
requested, of public hearings. All ERMA’s costs, including those of public hearings, are
borne by the proposer of the introduction.
As various interest groups have gained more experience, the focus of comment on
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proposed weed biological control introductions has tended to shift from direct impacts,
such as conflicts of interest and host specificity, though these still attract comment, to
more indirect ecosystem impacts. For example, the possibility of providing alternate hosts
for parasitoids of native insects and thus potentially affecting the populations of these
insects, or, the likelihood of competion with native insects for nectar by adults of lepi-
dopteran biological control agents. Impacts like these, though generally thought to be
minor, are extremely difficult to predict with any reliability.
One novel issue that has been raised in comment on several recent proposals is the
impact on the integrity of endemic biodiversity by dilution of the indigenous insect fauna
with exotic species released for biological weed control. Examples of comments received
on an Importation Impact Assessment for the proposed introduction of Oxyptilus pilosel-
lae Zeller (Lepidoptera: Pterophoridae) for biological control of hawkweed, Hieracium
pilosella L. (Asteraceae) (Syrett et al.1997) are:
“My concern stems from the need for overall caution over the importation of a limit-
less number of alien species, which have the potential to displace endemic New Zealand
species….”
“The addition of untold new alien species can only be detrimental to the long term
goal of preserving our endemic diversity …”
“It may be better environmental management to put up with the status quo than to
deliberately flood New Zealand with more alien insects.”
(my bolding)
These comments were made on a proposal to import the first of five insects that had
been identified as highly host specific and damaging to H. pilosella, following a study that
had shown there was only very minor insect herbivory by generalist insects on the plant
in New Zealand (Syrett and Smith 1998). Hieracium pilosella has become one of the most
prominent plants in many drier grasslands, in both the North and South Islands of New
Zealand (Treskonova 1991), and has the ability to severely reduce the pastoral and con-
servation values of these communities.
There are signs that similar reservations towards biological control are becoming
apparent in other jurisdictions, e.g. the proposal to control tamarisk, or salt cedar, in the
South Western United States (DeLoach et al. 1996). In these cases there seems to be a
reluctance to accept the long term serious impact that invasive weeds may have on whole
ecosystems.
If allowed to pass unchallenged, assertions such as those mentioned have the poten-
tial to threaten the continued practice of biological control, which ironically, in many sit-
uations is the best, and least environmentally damaging currently available, means of
safeguarding the integrity of biodiversity in habitats vulnerable to invasive plants.
In New Zealand at least, these issues are also based on a lack of understanding of the
make up of the flora and fauna, but nevertheless seem to be gaining support with com-
mentators and possibly with regulators. This paper provides an analysis of the size of the
adventive vascular plant flora and insect fauna in New Zealand and discusses the impli-
cations of the analysis for weed biological control.
The New Zealand Flora and Fauna
New Zealand’s early separation from Australia in the late Cretaceous (Stevens 1990)
and its isolation, 1,400 km from the nearest landmass, has resulted in the evolution of a
highly endemic flora and fauna. This was first disturbed when New Zealand was settled
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by Polynesians about 7-800 years ago (Holdaway 1999) and more particularly by
Europeans in the mid 19th century. After a period of trying to make New Zealand look
like a part of Europe in the South Pacific, by introducing European plants, birds, and
mammals (McDowell 1994), New Zealanders have increasingly come to value the indige-
nous flora and fauna. The reality is, however, that there are now more introduced vascu-
lar plants with more or less self sustaining populations in the wild than there are indige-
nous species (Landcare Research Herbarium 1999) (Table 1), and a significant number of
these are weeds or have become invasive.
The situation with the insect fauna is less clear. The most recent estimate of the size
of the New Zealand insect fauna suggested a total fauna of around 20,000 species
(Emberson 1998), though other estimates have ranged as high as 40,000 (i.e., Kuschel
1990).  The only recent estimate of the number of adventive insect species in New
Zealand suggested 1,000 or 1,100 species (Taylor and Smith 1997). This estimate seems
far too low based on three recent studies of different parts of the fauna:
Kuschel (1990), in a study of the coleopteran fauna of about 40 ha of secondary for-
est, as well as fields, sea shore and gardens in the Auckland suburb of Lynfield, distin-
guished nearly 1,000 beetle species, of which 229 species were judged to be exotic.
There are believed to be about 100 species of exotic aphids in New Zealand (Teulon
pers. comm.).
At least 56 species of exotic thrips have been recorded from New Zealand, out of a
total fauna of 119 species (Mound and Walker 1982, 1986).
It would be surprising if these 380+ adventive species, from three strongly circum-
scribed groups, constituted a third of all exotic insects in New Zealand.
Methodology similar to that used by Emberson (1998) to estimate the size of the New
Zealand insect fauna can also be used to estimate the number of adventive species. Since
1982, 28 species-level revisions of taxonomically defined groups of New Zealand insects
have been published in the series Fauna of New Zealand. These have treated 1,071
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Table 1.
Numbers of vascular plant species in New Zealand, April 1999
Category No. of plant species
Native 449
Endemic 1,627
Extinct 2
Total indigenous 2,079
Naturalised 1,796
Casual with very small wild populations 313
Total adventive 2,109
Only in cultivation 22,257
Source: All New Zealand species database, CHR Herbarium, Landcare Research, Lincoln,
New Zealand
species, or about 5% of the estimated insect fauna. Of the species treated, 138 or 13%
were considered exotic. If these revisions treat a more or less random sample of the insect
fauna, then the proportion of exotic species in the total fauna should be similar to that in
the sample. This would imply that an exotic fauna of 2,600 species has established, most-
ly since European colonisation.
Taking this number, it is possible to put biological control introductions into some sort
of perspective. Until the end of 1991, 221 natural enemies for biological control had been
released in New Zealand (Cameron et al. 1993). Most were introduced for what, by
today’s standards, would be  ill-considered attempts to control two indigenous pasture
pests, Costelytra zealandica (White) (Coleoptera: Scarabaeidae), an endemic white grub,
and several species of Wiseana Viette (Lepidoptera: Hepialidae), the tunnel-dwelling,
leaf-feeding caterpillars of endemic ghost moths. Perhaps fortunately, this particular pro-
gram was almost entirely unsuccessful. Only 71 of these 221 introductions of natural ene-
mies have established, 65 of these are insects.
This means that about 2.5% of exotic insects and 0.35% of the total New Zealand
insect fauna is the result of biological control introductions. Or conversely, allowing for a
eight species of deliberately introduced bees and one dung beetle, 97% of all exotic insect
species in New Zealand are the result of entirely accidental, unscreened introductions and
recent natural establishment.
Introductions of biological control agents of insect pests in New Zealand have slowed
to a trickle, as regulations have tightened. This has been mainly due to problems of
demonstrating host specificity. There have been no new introductions for six years,
though at least one major project, with several possible introductions, is under considera-
tion.
Introductions for weed biological control have continued during the past decade at the
rate of 0 to 3 introductions per year (mean of 1.25 per year for the 1990’s). These intro-
ductions have been permitted largely because there are established procedures for demon-
strating host specificity (Wapshere 1974, 1975). Further introductions may be jeopardised,
however, by the regulatory costs and by ill-conceived concerns about the threat to the
integrity of endemic biodiversity by dilution with weed biological control agents. Though
accepting the need for a parsimonious approach to biological weed control, in which the
minimum number of agents are introduced to successfully control the weed, it is neces-
sary to put the situation into perspective (Table 2).
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Table 2.
Numbers of insect species released for biological weed control in New Zealand.
Category No. of species
Total insect agents released 33
Agents did not establish 4
Agents recently introduced, outcome uncertain 9
Agents established 20
If all nine recently introduced species established, it would make a total of 29 estab-
lished, alien insect species, introduced for biological control of weeds, over the last 72
years. This would still represent only 1.1% of the adventive insect fauna of New Zealand
and little more than 0.1% of the total insect fauna, hardly a significant contribution to dilu-
tion of endemic insect biodiversity.
It should also be remembered that these introductions are carefully screened
monophages or restricted oligophages, targeted at invasive problem weeds. In contrast
many of the accidentally introduced species are generalists with a wide host range and
include a number of very destructive social wasps and ants. Some of these accidental
introductions, besides causing massive economic losses, also have direct impacts on
indigenous biodiversity of insects and other organisms (Beggs and Wilson 1991, Harris
and Oliver 1993).
One of the ironies of the whole debate on preservation of endemic biodiversity has
been the relative ease with which new plant species could be introduced to New Zealand
and many other countries. Yet it is well known from historical data and recent studies
(Lonsdale 1994) that a proportion of these introductions will almost certainly become
invasive weeds, with the potential to disrupt whole ecosystems. This easy introduction for
plant species contrasts with the difficulty and cost of introducing carefully targeted bio-
logical control agents for those same plants when they become weeds.
The exotic flora is almost certainly having a massive, though largely unmeasured,
impact on indigenous insect biodiversity.  Dr E. G. White (personal  communication) has
measured an actively decreasing diversity of lepidopteran species, at a landscape scale, in
the pastoral areas most heavily infested with H. pilosella, across the Mackenzie Basin in
the inland South Island. Very few other studies, on a landscape scale, have attempted to
measure the impacts of weeds on insect biodiversity, but it is very hard to believe that
large scale, dense infestations of invasive weeds do not have an impact on indigenous
insect biodiversity. Biological control is usually the only sustainable option for ameliora-
tion in such situations.
One of the benefits of ERMA is that for the first time all introductions of new organ-
isms, plants, animals, and fungi into New Zealand will be on a more or less equal footing.
It is notable that proposed introductions of new species of vascular plants for the nursery
trade have almost halted.
Conclusions
Insect introductions of biological control agents are insignificant in diluting indige-
nous biodiversity.
Instead preservation of the integrity of indigenous biodiversity requires a focus on
new plant species and accidental insect introductions.
An inbalance has existed between the costs of introducing new plant species and the
biocontrol agents needed to suppress those plants that become invasive.
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